Folk medicinal practitioners form the first tier of primary health-care providers to most of the rural population of Bangladesh. They are known locally as Kavirajes and rely almost solely on oral or topical administration of whole plants or plant parts for treatment of various ailments. Also about 2% of the total population of Bangladesh are scattered among more than twenty tribes residing within the country's borders. The various tribes have their own tribal practitioners, who use medicinal plants for treatment of diseases. The objective of the present survey was to conduct an ethnomedicinal survey among the Kavirajes and tribal practitioners to determine which species of plants belonging to the Verbenaceae family are used by the practitioners. The Verbenaceae family plants are well known for constituents having important bio-active properties. The present survey indicated that 13 species belonging to 8 genera are used by the folk and tribal medicinal practitioners of Bangladesh. A comparison of their folk medicinal uses along with published reports in the scientific literature suggests that the Verbenaceae family plants used in Bangladesh can potentially be important sources of lead compounds or novel drugs for treatment of difficult to cure debilitating diseases like malaria and rheumatoid arthritis.
Introduction
The Verbenaceae family of plants, which is also commonly known as the verbena or vervain family consists of trees, shrubs and herbs. They are mainly flowering plants found in the tropical regions of the world. The family includes some 35 genera and around 1,200 species.
The Verbenaceae family plants are well known for their uses in the traditional medicinal systems of various countries. Quite a number of the plants have been reported to contain bio-active phytochemicals with important pharmacological effects. To cite only a few recent publications, abietane diterpenoids having anti-microbial and anti-parasitic (anti-leishmanial, anti-malarial) properties have been isolated from the roots of Clerodendrum eriophyllum Gürke (Machumi et al., 2010) . Ethanolic extract of Premna corymbosa (Burm.f.) Rottl. & Willd. leaves reportedly suppressed the development of chronic arthritis in rats induced by Complete Freund's Adjuvant (Karthikeyan and Deepa, 2010) .
Essential oil obtained from leaves of Lippia gracilis Schauer reportedly possessed antinociceptive and antiinflammatory activities. Notably the plant is used by folk medicine practitioners of the Caatinga region of Northeastern Brazil for these properties (Mendes et al., 2010) . Essential oil obtained from Lippia graveolens Kunth reportedly inhibited the growth of Giardia lamblia, the causative agent for the diarrheal disease, giardiasis (Machado et al., 2010) . Anti-oxidant and cytotoxic activity of essential oil from leaves and fine stems of Lippia schomburgkiana Schauer (main constituents 1,8-cineole and -terpineol) has been demonstrated (da Silva et al., 2009) . Essential oils obtained from Lippia turbinata Griseb. and Lippia polystachya Griseb. reportedly demonstrated lethal effects against mosquito larvae of Culex quinquefasciatus, where ambulation speed and total time of ambulation was significantly decreased (Kembro et al., 2009) . Essential oil of Lippia sidoides Cham. has been shown to have anthelmintic activity against sheep gastrointestinal nematodes (Camurça-Vasconcelos et al., 2007; Camurça- Vasconcelos et al., 2008) . Anti-spasmodic activity has been reported for essential oil from Lippia dulcis Trev., a plant used in traditional medicine of Central America for cough, colds, bronchitis, asthma, and colic (Görnemann et al., 2008) .
A new anthraquinone, named tectone (3,8-dihydroxy-2-methyl anthraquinone) with anti-hyperglycemic properties has been isolated from leaves of Tectona grandis L.f. (Shukla et al., 2010) . Essential oils obtained by hydrodistillation of Aloysia polystachya (Griseb.) Moldenke and Aloysia citriodora Ortega ex. Pers. have been reported to have ovicidal activity against eggs and second instar nymphs of the soybean pest Nezara viridula (Hemiptera: Pentatomidae). The major components in the oil were carvone for A. polystachya, and citronellal and sabinene for A. citriodora (Werdin González et al., 2010) . Pro-apoptotic activity of essential oil from Verbena officinalis L., and its main component citral has been reported in experiments conducted with lymphocytes collected from patients with chronic lymphocytic leukemia (De Martino et al., 2009 ). Anti-oxidant and anti-fungal properties have been shown of various solvent extracts of leaves of V. officinalis (Casanova et al., 2008) . 
Results
The various surveys conducted among Kavirajes and different tribes of Bangladesh indicated that altogether 13 species distributed into 8 genera of Verbenaceae family plants are used by the folk medicinal and tribal medicinal practitioners within the country. Four plants belonged to the Clerodendrum genus, while two plants belonged to the Lippia genus. From the number of ailments treated and citations by the Kavirajes, Clerodendrum viscosum was the most frequently used plant followed by Clerodendrum indicum and Nyctanthes arbor tristis. Rheumatoid arthritis and skin diseases appeared to be the ailments for which the Clerodendrum genus was used for treatment. The results are summarized in Table 1 .
The various plant parts used for treatment included whole plants, leaves, roots, stems, barks, meristems, flowers, fruits, and seeds. Of the various plant parts used, leaves constituted the majority of uses (26.7% of total uses), followed by whole plants (15.6%), roots and stems (13.3% each), barks and flowers (11.1% each), fruits (4.4%), seeds and meristems (2.2%). Whole plant, individual plant parts, as well as a combination of plant parts were observed to be used for treatment of various ailments. For instance, whole plants of Clerodendrum indicum were used for treatment of coughs, rheumatoid arthritis, jaundice, skin diseases, Betulinic acid has been reported from the plant (Pan et al., 2008) , which is known to have anti-plasmodial properties (Steele et al., 1999) . Extract of bark shown to inhibit lipid peroxidation in biological membranes (Kumar and Müller, 1999) ; Clerodendrum inerme (L.) Gaertn.
Significant antinociceptive activity reported for alcoholic and aqueous extracts of leaves (Parveen et al., 2010) . Hepatoprotective activity demonstrated by ethanolic extract of leaves against carbon tetrachloride-induced liver damage in Swiss albino rats (Gopal and Sengottuvelu, 2008 ). ; leaves reported to be used in Guatemalan traditional medicine for stomach problems, dysentery, colds and cough, febrifuge, as well as a sedative and in spasmolitic remedies, oral administration of the plant reported to prevent gastric ulceration induced by indomethacin in rats (Pascual et al., 2001 ); anti-convulsant activity reported for essential oil with indications that three constituents of the oil, namely citral, -myrcene, and limonene are the active compounds (Viana et al., 2000) . Aqueous extract of the plant shown to provoke significant cardiac rate in isolated rat hearts (Gazola et al., 2004) . Analgesic effects described in mice for 50% aqueous ethanol extract of the plant as demonstrated by writhing and tail flick methods (Costa et al., 1989) . Lippia nodiflora (L.) Michx.
Anti-inflammatory property exhibited by cyclo-pentano phenanthrenol isolated from the plant (Balakrishnan et al., 2010); antiinflammatory and antinociceptive activities reported for methanolic extract of leaves (Ahmed et al., 2004 ). The plant is one of the components of the Indian drug, Anna Pavala Sindhooram, used in traditional Indian medicine for the prevention and reversal of the atherosclerotic disease process (Shanmugasundaram et al., 1983) . Nyctanthes arbor tristis L.
Larvicidal activity of leaves and flowers extracts demonstrated against the mosquito species -Aedes aegypti, Culex quinquefasciatus, and Anopheles stephensi (Mathew et al., 2009) . Reported tranquilizing, anti-histaminic and purgative activity of leaf extract, notably a decoction of leaves is used in Ayurvedic system of medicine for treatment of sciatica, arthritis, fevers, painful conditions, and as laxative (Saxena et al., 2002) . Anti-bacterial and cytotoxic activity reported for extracts of flowers (Khatune et al., 2001) . Immunostimulant activity reported for 50% ethanolic extract of seeds, flowers, and leaves, which are likely to play roles in the plants' traditional uses as an anti-amoebic, anti-leishmanial, and anti-viral agent (Puri et al., 1994) . Analgesic and anti-pyretic activity reported for leaf extract (Saxena et al., 1987) ; anti-inflammatory activity reported for leaf extract against inflammatory edema produced by different phlogistic agents like carrageenin, formalin, histamine, 5-hydroxytryptamine and hyaluronidase (Saxena et al., 1984) . Premna integrifolia L.
Hypoglycemic activity reported of 95% ethanolic extracts of plants in alloxan-diabetic rats (Kar et al., 2003) ; hypoglycemic activity reported for plant extract in streptozotocin-induced type 1 and type 2 diabetic rats (Alamgir et al., 2001) .
edema, cancer, diabetes, and boils, while leaves were used for treatment of skin lesions on children's throat, to remove scars from face and body, skin rash, whooping cough, allergy, and abscesses. The stems of the same plant were used for treatment of eczema, itches, and toothache. A combination of leaves and roots was used for treatment of diseases of the fetus, while a combination of leaves and bark was used for treatment of skin disorders. Although only 13 Verbenaceae family plants were used by the folk medicinal practitioners, a wide variety of diseases were treated. Among the most frequent diseases treated were skin diseases, gastrointestinal disorders, respiratory tract disorders, rheumatoid arthritis, fever, hepatic disorders like jaundice, sexually transmitted diseases, malaria, helminthiasis, and nerve disorders. Other diseases treated with Verbenaceae family plants included heart problems, cancer, edema, measles, allergy, pain, tuberculosis, menstrual problems, herpes, night blindness, sexual disorders, hypertension, cuts and wounds, fracture or sprain, snake bite, scorpion bite, dog bite, rheumatic fever, dengue fever, head lice, nausea, vomiting, urinary tract problems, leukorrhea, hepatitis, fistula, and tetanus. Of the 13 Verbenaceae family plants used, 8 plants were used to treat skin diseases, 7 plants for treatment of gastrointestinal disorders, and 5 plants each for treatment of respiratory tract infections, rheumatoid arthritis, fever, and malaria. A plant may be used for treatment of both human and cattle diseases, e.g. Clerodendrum viscosum, which while used for treatment of various human ailments was also used for treatment of colic in cattle.
Regarding tribal usage, Clerodendrum viscosum was the most frequently used plant by various tribes, including the Chak, Garo, Manipuri, Marma, Santal, and Tripura tribes. The plant next most frequently used by various tribes was Clerodendrum indicum, which was used by the Garo, Rakhain, and Tripura tribes. The ailment(s) treated by any tribe with a particular plant was not necessarily the same as other tribes or the Kavirajes belonging to the mainstream population. To cite just one example, Clerodendrum indicum was used by the Garo tribe for skin rashes, but used by the Rakhain tribe for eczema, itches, and toothache. While it may be argued that skin rashes, itches and eczema are all skin disorders, nevertheless the use of the plant for treatment of toothache was unique to the Rakhain tribe. The Rakhain tribe also used the plant for treatment of gastrointestinal problems, respiratory problems like coughs and asthma, as well as swellings in any portion of the body. Notably the mainstream Kavirajes used the same plant or plant parts for treatment of ailments like cold, asthma, respiratory problems, bloating, tuberculosis, diseases of the fetus, excessive menstrual bleeding, sexually transmitted diseases, skin and soft tissue infections, edema, and rheumatoid arthritis. Thus while a common feature may be noted in the treatment by various tribal practitioners and Kavirajes in the treatment of skin-related disorders, overall there were more varieties in diseases treated than common uses of the plant. Duranta repens was another plant used for treatment of malaria by tribal practitioners as well as mainstream Kavirajes. But while the Garo tribal medicinal practitioners used the plant exclusively for treatment of malarial fever, mainstream Kavirajes utilized the plant as an insect repellent, and for the treatment of itches, infertility, fever, and pneumonia besides treatment of malaria.
Discussion
A number of the Verbenaceae family plants have reported bio-active properties, which validate their use in the folk medicinal system of Bangladesh. Clerodendrum inerme has been reported to have significant antinociceptive activity (Parveen et al., 2010) , which might explain its use for rheumatoid arthritis, which has quite intensive pain as one of its symptoms. Antiinflammatory properties has also been reported for Clerodendrum trichotomum (Kim et al., 2009) , which again can justify its folk medicinal use in Bangladesh for treatment of rheumatoid arthritis. The plant, Lippia nodiflora also reportedly has antiinflammatory and antinociceptive effects (Ahmed et al., 2004) , which can be useful in the treatment of rheumatoid arthritis for which purpose the plant is used locally.
Mosquitocidal triterpenes as well as anti-plasmodial activity have been reported for Duranta repens (Nikkon et al., 2010; Ijaz et al., 2010) , justifying its use as insect repellent and for treatment of malarial fever in Bangladesh. Oleanolic acid has been isolated from Lantana camara, a compound reported to have anti-plasmodial properties (Moon et al., 2007) . Notably the plant is used as an anti-malarial by folk medicinal practitioners of Bangladesh. The essential oil of the plant also reportedly has anti-bacterial properties (Kurade et al., 2010) , which can justify its local use for coughs, and anti-mycobacterial properties (Kirimuhuzya et al., 2009 ) justifying its use for treatment of tuberculosis.
Nyctanthes arbor tristis is used in Bangladesh for treatment of fever, bacterial infections, and rheumatism as well as other ailments. Validation of the plant's use can be found in the scientific literature, which describes anti-pyretic and analgesic effects of the plant (Saxena et al., 1987) , as well as anti-bacterial properties of its flowers (Khatune et al., 2001) .
Overall, the Verbenaceae family plants used in Bangladesh appear to have constituents with pharmacological properties, which can be useful in the treatment of bacterial and fungal infections, malaria, and pain arising from various causes including rheumatoid arthritis. The plants merit detailed studies which can prove useful in the discovery of lead compounds leading to novel and more efficacious drugs. The importance of the plants used in Bangladesh lies more so in their potential for treatment of malaria and rheumatoid arthritis, two of the most debilitating diseases affecting millions of people throughout the world. 
